Mobile DNAs are potent sources of mutation in wild populations, but seem only rarely to have been used in adaptive evolution. A new study has revealed a mobile DNA insertion in Drosophila simulans that is associated with an apparent selective sweep and an elevation in expression level of an adjacent gene which creates insecticide resistance.
The neo-Darwinian paradigm of evolutionary change assumes that mutations occur independently of any natural selection that will subsequently act on them. While such independence has been challenged in some descriptions of adaptive mutation in bacteria [1] , it is still generally accepted to apply in multicellular organisms. It follows that, were one to examine simultaneously the process of mutation and the process of evolution, the kinds of mutational change that one would see should not be different in kind from the sorts of changes one sees occurring over evolutionary time, unless different types of mutation had systematically different phenotypic consequences: only selection can create a systematic difference between mutational and evolutionary changes.
A lack of agreement between mutation and evolutionary change was first noted in the context of dominance. In the 1920s, when the neo-Darwinian synthesis was being created, it was seen that mutations in Drosophila melanogaster are usually recessive to the wild-type allele. The paradox was that if genes are evolving, then the current wild-type allele would have been a mutant when it first arose, spreading to become the wild-type because of its advantageous phenotypic effect. Why should advantageous mutations generally be dominant, when their advantageousness depends on the particular environments that they will encounter? R.A. Fisher [2, 3] suggested that the solution to this conundrum was that dominance evolves -an advantageous mutation is only co-dominant when it first arises, but, as it spreads through the population as a result of selection, evolutionary changes at other, 'modifier' loci cause the mutation to be dominant by the time it is fixed in the population. For Sewell Wright [4, 5] , however, the explanation was that the Drosophila mutations are recessive because they inactivate genes, so that their recessivity has a physiological, rather than an evolutionary, cause. Wright's prediction, subsequently abundantly confirmed, implies that, at the molecular level, there is no symmetry between typical major mutations studied in laboratories and the adaptive changes occurring over evolutionary time. Major mutations represent losses of gene function, a change not often used in adaptive evolution -we do not evolve by successively losing more and more of our gene functions, but rather by subtly altering the ways in which genes work.
Similarly, what are the evolutionary consequences of mobile DNA insertions? It has been estimated that 80% of the spontaneous mutations seen in Drosophila genetics result from transposable elements [6] . Do mobile DNA insertions similarly create 80% of evolutionary changes in this species? Without question, they do not. The most revealing observation is the almost complete absence of fixed sites of mobile DNAs in D. melanogaster [7] . A mobile DNA insertion that created an advantageous phenotype would be expected to spread to fixation in the species by natural selection. This would create a site fixed for the element throughout the species. Such sites are very rare, although they have recently been detected for the S element family in heat shock protein genes [8] . If these apparent selective sweeps are indeed the result of mobile DNA sequence insertions, why are insertion mutations that alter the expression patterns of adjacent genes in a selectively advantageous way not more common? Why do these so rarely seem to spread through the species as a whole? One can clearly create a model in which insertions are eventually followed by imprecise excisions, leaving behind a small fragment only of the inserted sequence, or causing the loss of all the insertion, along with some flanking host sequences. Such a change might still create the advantageous phenotype, and thus one can imagine that an advantageous insertion is replaced by its deleted derivative. A recent sweep generated by a insecticide resistance phenotype might not have had long enough for this secondary event to have occurred.
The other, more disturbing, aspect of this study is that the species is responding to a very strong, manmade selective pressure, as is the case with many of our best examples of recent adaptive change in wild populations. Are these sudden man-made changes in environments typical of the environmental changes that wild populations encounter, and to which they respond through evolutionary change? Or do environments more usually change in such a gradual way that the adaptive response is qualitatively different at the molecular level. In other words, just as the mutations seen in laboratories are not typical of the mutational changes used in adaptive evolution, is it possible that the mutational changes used in adaptive evolution triggered by sudden mad-made environmental changes are not typical of the mutational changes used in adaptation to the more gradual environmental changes normally encountered by wild populations?
